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AERONAUTIC SYMBOLS

1. FUNDAMENTAL AND DERIVED UNITS

Length .....
Time ........
Force ........

Power .......

Speed .....

Symbol

P
v

Metric

Unit

meter ................
second ................

weight of 1 kilogram_ :_

Abbrevia-
tion

III

S

kg

horsepower (metric) ....

kilometers per hour ....... i k.p:ia_ - -meters per second ......... m.p.s.

English

Unit

foot (or mile) ........
second (or hour) .......
weight of 1 pound .....

horsepower ..........
miles per hour ........
feet per second ........

Abbrevia-
tion

ft. (or mi.)
see. (or hr.)
lb.

hp.
m.p.h.
f.p.s.

w,
g,

/,

2. GENERAL SYMBOLS

Weight=rag
Standard acceleration of gravity=9.80665

m/s 2 or 32.1740 ft./see. 2
W

_tass_--
g

Moment of inertia----ink _. (Indicate axis of
radius of gyration k by proper subscript.)

Coefficient of viscosity

_, Kinematic viscosity
p, Density (mass per unit volume)
Standard density of dry air, 0.12497 kg-m'4-s 2 at

15 ° C. and 760 man; or 0.002378 lb.-ft. -4 sec. 2
Specific weight of "standard" air, 1.2255 kg/m a or

0.07651 lb./cu, ft.

3. AERODYNAMIC SYMBOLS

S, Area
Sw, Area of wing

G, Gap

b, Span

c, Chord
b_
_, Aspect ratio

V, True air speed

1 ,_
q, Dynamic pressure=_p_

L, Lift, absolute coefficient C_-----a_

D, Drag, absolute coefficient CD=_S

Do, Profile drag, absolute coefficient CD0=_

/)_, Induced drag, absolute coefficient CD_----q_

Parasite drag, absolute coefficient CDp=_D,,,
..IL

C, Cross-wind force, absolute coefficient Cc=_s

R, Resultant force

it0,

it,

Q,
ft,

Vl

#

Cp,

eL,

l!,

OLO_

O_a,

Angle of setthag of wings

line)

Angle of stabilizer setting
line)

Resultant moment

Resultant angular velocity

(relative to thrust

(relative to thrust

Reynolds Number, where l is a linear dimension
(e.g, for a model airfoil 3 in. chord, 100
m.p.h, normal pressure at 15 ° C., the cor-

respoading nmnber is 234,000; or for a model
of 10 cm chord, 40 m.p.s., the corresponding

number is 274,000)

Center-of-pressure coefficient (ratio of distance

of c.p. from leading edge to chord length)

Angle of attack

Angle of downwash
Angle of attack, infinite aspect ratio

Angle of attack, induced

Angle of attack, absolute (measured from zero-

lift position)

Flight-p_h angle



REPORT No. 650

THE AERODYNAMIC CHARACTERISTICS OF SIX

FULL-SCALE PROPELLERS HAVING

DIFFERENT AIRFOIL SECTIONS

By DAVID BIERMANN and EDWIN P. HARTMAN

Langley Memorial Aeronautical Laboratory

130644--39--1



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

HEAl)QUARTERS, NAVY BUILDING. WASHINGTON. D. C.

LABORATORIES, LANGLEY FIELI). VA.

Created by act of Congress apl)rovcd March "3, 1915, for the ,_upervisi(m and direction of the scientitic study of the l)roblenls of

flight (V. S. Code, Title 50, Sec. 151). Its membership was increased to 15 by act approved March 2, 1929. The menll)crs are

appointed by the President, and serve as such without compensation.

JosEVlt S. AMES, Ph.D., Chairman,

Baltimore, Md.

VANNEVAR BUSH, Se. |)., Vice (!hairman,

Washington, D. C.

CHARLES G. ABBOT, Se. I).,

Secretary, Smithsonian Institution.

HENRY It. ARNOLD, Major General, United States Army,

Chief of Air Corps, War Department.

GEOR(;E H. BRETT, Brigadier General, United States Army,

Chief Matdricl Division, Air Corps, Wright Field, Dayton,

Ohio.

LYMAN J. BR1GGS, Ph. I).,

Director, National Bureau of Standards.

CLINTON _1. }tESTER, A. B., LL. B.,

Administrator, Civil Aeronautics Authority.

ROBER'r II. ]|IN('KLEY, A. B.,

('hairiimn, Civil Aeronautics Authority.

JEROME C. I]ITNSAKER, Sc. D.,

Cambridge, Mass.

SYDNEY M. KRAUS, Captain, Ullite(l States Navy,

Bureau of Aeroaautics, Navy I)('partment.

CHARLES A. LINI)BERGtl, LL. I).,

New York City.

FRANCIS W. REICltELDEitFER, A. B.,

Chief, Unite(1 States Weather Bureau.

JoHN H. TOWERS, Rear Admiral, [bdted States Navy,

Chief, Bureau of Aeronautics, Navy I)epartmcnt.
EDWARD WARNEIL Sc. D.,

Greenwich, CoraL.

ORVILLE WRIGHT, Sc. D.,

Dayton, Ohio.

GEOR(_E x,V. LEWIS, Director of Aeronautical Research

JOH.'," F. VICTORY, Secretary

HENRY J. E. REID, Engineer-in-(?harge, Langley 3lemorial Aeronautical Laboratory, Langley Field, Va.

Joii.u J. IDE, Technical Assistant in Europe, l'ari.s, France

AERODYNAMICS

POWER PLANTS FOR AIRCRAFT

AIRCRAFT MATERIALS

TECHNICAL COMMITTEES

( !oor,lil.tli,,. ,,f lde._cm'ch Necd,_ of Mililm'y attd ( _iril A_,ialiou

l'celmralion of I_'e,_eareh l'royram,_

All,wation _( l'roblem._

l'rvrenlion of Duplicalio_

(',n._i,h'raliou of Inventi._s

LANGLEY MEMORIAL AERONAUTICAL LABORATORY

LANGLEY FIELD, VA.

Unified conduct, for all ag(!ncics, of scientitic research on the

fundanlental problems of flight.

5-24-39

AIRCRAFT STRUCTURES

AIRCRAFT ACCIDENTS

INVENTIONS AND DESIGNS

()FFICE OF AERONAUTICAl, INTELLIGENCE

WASHINGTON, D. C.

C )llectlon, elassifie'dioll, eoIni)ilation, _,_1 dissemblation of

scientific and technical i],formation on aeronautics.



REPORT No. 650

THE AERODYNAMIC CHARACTERISTICS OF SIX FULL-SCALE PROPELLERS HAVING

DIFFERENT AIRFOIL SECTIONS

ily Davt_) [}ll.:)¢_,fAxxand ],]ov¢I>¢P. ]taltT,_fA.%_

SUMMARY

||'im[-lur_l_! h_sl,_ are r_,porled q{ si: 3-bhule lO-{o,)t
pr.p_llcr,_ ,qwrahd b_ front ,!{ a llqu;d-cm>h,,1 c_lfline

nacdlr. Thr prOl_clh'r,_" u_rre idrldical r,rccpl .{.r blade

ah/.il ,wcl;,mx, mhich mort: Clark }', If. A. F. 11,N. A. C.

A. /+//Jt;, N. .1. ('..l. 2._00 3._, N. A. ('. A. 2RzO0,

aml N. .1. C. .1. ¢;._OIL 77: ra*_g,' ,![ blade al_91e,, ;n,e._'l;-

gated c,rl_ mhd .O'.m 15 ° to .I0 ° .f.r oll propdler,_ e,r<>pt

the ('larlc )', .h,r .'h ;oh it r,rtcml_d t.._5 °.

7'1._ r_,_'ulls ,G.wcd theft the ra1_g_ in ma.rbnum _ffci_m'!l

bdu'ccn the highest aml the lowest values 'wa,_ abmd 3 per-
c_nt. 7'he higl.:,_t q_cirnc_e,_ were .fi>r tl_e low-camber

,w'ct;,m,_. An a;_ctl,q,_;,_,,!f the re._ullx ;mlicatrd that blade

._eetion,_' for cotdrdlablr propeller,_ which are n.l limited in

diameter xhouht be ,_elected chieflII on a ba,s'ix qf mi,dm_tm

drag ('which affcct,_ ma,rimum rflicD_w?/) bmsmuch a,_ the

ma,rimum Lift o>r._c;rtd,_ had onl?l a ,_mall rffrct .,_ the

In�w-off characf_r;._fic,_ within the ra_ige i_o,edigated

b_cau,w stalli_i.q, in gr_rral, did ,rot re'cur. N_cti,,nu.for

Ji,r_d-pitcb prolMh'r,_ uh.uld be sd¢ct_d o_ a ba,_is q[ both
m;_imum drag and ma,rhnum l_](t, particularl!t ft>r blade-

a_(llc s'dlit_gx qf 20 ° and oc<,r, be<'au,_r the lake-..IT thrust

p.mrr ;m'rca,_d u';th ma.rimum l,lft fl>r the hi.qher blade

a t_,<llcu.

INTRODUCTION

'l'hc <'h_rl< "f aml _he R. A. F. (; :,irfi)il s('<qim_s have

M,en ninon(lard in Ih.e dcsivn of im,l:,elh,rs in th.is emmtry
fi)r )m)))y years. The I{. A. F. 6 secli())) w))s f))vo)'(,d in

early designs but has given w'_v (o (he ('lark Y n(,cfi<)n

more rec(,n(ly, l>nrli('uh)r]y for metal controll,d)]e pro-

pellern. Tl)e relative merils of the two se('tions for

pr()pel|er use have been fah'ly well established by both

high-sl)e(,(l q irfoil and full-scale propellm tents. The
airfoil tests r(,l)orie([ in reference 1 sh(>wed the (%rk Y

,_ectk)t) t<) )rove _ ]<)wer minhnum dra_ trod a lower
maximum lif_ th'm the R. A. F. 6 section, which indi-

eaten that a propeller with the Clark Y section wouht be

superior for the high-speed or cruising e()n(liti()ns but

inferior f<)r take-(>fl" with lixed-lfit('h l>rol)e]lers. The

l)ropeller results of reference 2 quali(a(ive]y sub:
stantiate the airfoil results. The l)rincil)nl ])hysi('al

(lifter(race between (he (we sections is (he shape of the

mean camber lines; the cnml)er line of the R. A. F. (i

section is ])igber thn)) th'_t of tb(, Clark Y, pm'tir_fim'ly

for the nose parts of the se(:tions.

The present investigation was ma.de to de((,rmi))e the

aerodynamic qualities of six propellers |roving (lilrerent
sections. The Clark Y and the R. A. F. (; see(i()ns were

incht(]ed for eomlmrative l)urposes. Two of the other

prol)e]]ers were denigne(l by the Bureau of Aeronautics,

Navy l)epartme)tt; the X. A. C. A. 4400 st,ties secti<m

w,ts use(| for one, 'rod the N. A. C. A. 4400 series section

was used for the i)mer half of the other, (he N. A. C. A.

2400 34 series seeti()n })eing us(,(| for the outer half. It,

nmy be note(| in reference 3 that the N. A. (L A. 440!)
see(ion (use(l ,)t 0.75 lm>pelh,r )a(lius) Ires a high

CL .... and a fnirly h>w CD.,.. and is therefore a g(>()(l
eomlmmfise l)etw(,en the ('lark Y and tlm I{. A. F. (;
sections. 1)_ reference 4 the N. A. ('. A. 240!)-34 sect|tin

is recomnwn(h,(] for propel]ers, particularly b('eaune of

its low ('+.... :rod delnyed COml)ressii)ilily stall at hivh

speeds. The sect, ion is best suited for <rely the tip

seet i<ms of propellers, |mwever, because the C_.._. is
low at, moderate sl)ee(ls.

In addition (o the four l)rol)elh, rs (h,seril)e(l. there

were designed at the N. A. (L A. laboratory two eahli-

lfim,)l propeilers tlmt i))corporalcd sections ()f extrem(,

eharaeteristic,_. ()ne prol)eIier has sections of (he h)w-
camber N. A. C. A. 21t_00 series, which hns a h)w

_D and n low C • (he other propeller has the hi/h-
camber N. A. (!. A. 6400 series section, whiclt has a

high Q_>,,., 'm(| a. high (r_,:o,. (See referen<'e 3.)

Tents of these l)rol)ellers were adde([ to the i)rovram to

increase the ktu)un) ran,_e of the propelh,r ohm'utter-

|sties that are (lel)en(h,nt upon tit(' nm()unt, of seelion

camber present.

1
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APPARATUS AND METHODS

Since tile description of refermlee 5 w.s written, the
propeller-resenrch tmmel has been moditied to the

extent of installing an electric mot,re' to (Mve the t mmel

propeller and of replacing the b'dance with a more

]rIGUttE I.--Liquid-eo_ded eiil.qtle lln('elte.

modern (me Cal)nt)le of simultaneotMy recor(ling all
the forces.

A 600-horsepower Curtiss Conqtteror engine (GIV-

1570) was used to drive rite, test propellers. The

engine was mmmted in a era(lie dymmmmeter free to

rotate about an axis parallel to the t)ropeller axis and

FIGURE 2.--I'hoh)graph showing tile l)lan fi)rm of all (lie propellers tesied.

located at one side of the engine. The t.orque reaction

was transmitted from the other side of the engine to
recording scales h)cated on the floor (>f the h,st chamber.

The propeller speed was measured by a calibrated
electric tachometer.

The engine was h(,used in a mtcelle representative

_,1" the /yl)e us('d for liquit[-eo(_led engim,s. (Nee fig.

[.) The n,eelle is oval in ('ross section, 43 im'hes in

height, 38 inches in width, mid 126 inches i_t length.

A scale drawing of the mmelle is given in reference 6.

All six i)rol)ellers tested have three bh, les, are 111

feet: in diameter, nml are identical in shape excel)t for

blade sections. Table [ gives the 1)rineipnl physi('al
characteristics <)f the l)rol)ellers tested.

q'.,, IHA+: i

['repeller (]_llrt!lHl [

of Avronallties, I
Navy I)rl)artmvnl lllade airfoil section

drawin_ No.)

5_(iS !1. (21ark Y_ ........

,5_6_ 1{6 : R.A.F. 6 ....

6623 A __ N.A. (!. A. 4100 series ......

N. A. (k A. 4100 serh!s inner half
6623 l/ .... N.A. (3. A. 240(/ 3t series ouh,r

I troll.
6112:I (! _ _ _ N.A. ( !..4.. 21120[). .

6623-1 )_ _ I N. A, (7. A. 6100 :

I For Hie I 75 r:elills _hltil)lt (rely

Camber Position .f
IllllXilll Illll

(t)ere_qll
chord I {'_tlllllt_r (Imr-

cerlI (!hortt)

I 2, 6 40

I 4 0 [ 30
4 0 ! 40

40 [
2,0 f 4.

i
2, (I 30

6, (I .10

.//

./0

•O9

.O8

.O7

.06
b

•05

.04

.03

.02

.0/

0

FIGt:ItE 3. -l}ht(le-furnl curves for all i_ropellers tested. D, diameter; t_, radius to

tile lip; r, Stall(in radius; b. section chord; h, seetioii lhieklless; p, geolnetrie oiteh.

Throughout this rel),)rt, the i)ropellers will I)e individ-

trolly referre(l to according to their secti(ms or grout)ed
according to caroller ratio. I'rol)eller 6(i:23-B, for
example, will be (h.sigmded the N. A. ('. A. 2400--34

I}rol)eller.

Figure '2 sllmvS thr I)hm t(,rnl (,f the I)h.h.s; the hl.de-

t'orll! etlrves are EiVell ill figure 3.
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i t may be noted that the geometric l>itch is different for

all of the propellers except for the 5S68-9 and the 5868-R6.

The propellers of X. A. (!. A. section were designed with

the blade angle of each section, measured froni the ltngle

for zero lift, the sanle, as for propeller 5868-9. =,ks a

restllt of this lnetlmd of desigrl, all the propellers have

the same ett'ective l)it, eh distribution along the blade

but, of course, the pitches measured with respect to the

chord lines are (Iiirerent.

()rdiniites for the (qark Y and tit(, Ik A. F. 6 propel-

]er sections ill'e given in l.ilt)le II ttlitl i,hose hlr the follr

propellers with the N. A. (_. A. sections lii'e given in

table Ill. The out[incs ()f elieh blilde section for the

0.70 riidhls are given in figure 4.

The tnet.ho(l of testin; hi the Iirop<+ller-resl_areh t.ullne]

consists in miihltnining t,he l)rOlielier speed e<mst.ailt an(1

iiicreasing tile tunnel speed iii steps ti t) to the iilli×illltlni

value of 11;5 iniles per hour. ttigher vlihles ()i" I'j.:l+]-)

iil'e ()lllained tiv redu(.hig the engine si)eed until zero

tilrust is re'i('hed. ('otnl)lications arisitlg frolll COlll-

t)ressibility were avoided t)y rtltltiiilg /,lie tests lit t.ip

speeds ()f ,525 fl,et l)er second arid less. "Fit(, stiin(liir(l

initial testing pr()pelh, r st)eed of 1,000 r. i)- hi. could not

I)e maintained for the higher lila(h,-tingh_ settings, owing

to the linlitatioti of (,llgin( _ ]tower; the following schedule

WilS therefore adhered to:

Propeller speeds for tunnel speeds below 115 miles per h_ur

Initial propeller tpecd,

t.Jlade an(Jl(_ detl+ r. p. In+

17).... 1, o0o

20_ _ 1,000
25 . g00

30 _ g(10

35_ : g00
40 _ _ _ 700

45 _ _ _ 700

For l',,'_l) vahies higher th'ln can tie olitliine(I froni the

foregoing schedule, the a[ipi'oxillliite test, [)rol>eller speed

Iiiay l)e eolnliuted frolil tile relat, ion

K

r. I). nl=_ l,/IU)

where K 1,000 for 1" 115 nliles ])er hour and l): 10

feet..

RESUI,TS AND DISCUSSION

The results are re(hieed t<) the usual coeflicielits of

thrusl, l><)wer, iiii(t l)ropulsive el|icicney defined its:

etrective llirust, T--A/>

(-+?"_ p 1+e[)-I - p 1+21) I

(_ eilfille [)oveer

C,,I"

n := (,+2 _+l)

where

T is tension in propeller shaft, 1)oumls.

AD, increase in body dra_ due to s]ipslreanl, lmutlds.

p, niiiss density .f the air, sliigs per cubic h)ot.

,w, prot)ell(q" roiil[ ionn[ speed, revohili<ins per scc<)nd.

]), l)ropeller diaineier, feet.

<

Clark Y section, propeller 5868-9,

Pt AE section, propeller 586@-R6.

NAC.A. 4400 series, propeller 66E'3-A+also
inner half of propeller 66f3-/3.

N.A.C.A. £400-34 series, outer half of
propeller 66£3-_.

N.A.C.A. ERGO0 series, propel/er 66Z3-C.

N. AC.A. 6400 series, propeller 66Z3-D.

l"lt;i'l+E t. I'>lade sections drawn to scale for the I).71) radius,

(_liarts fur selecting or <tesigning propellers art+ given

in the forni of C'_ against v# and I_in.D, where (_, :

The proeedllFe (if plotting lines of colist.alit thrllSb

,<,ith respect to the power is now stan(hirdized llii(l

facilitates calclih_ting the thrust at all air si)ceds for

controllable and tixed-t>itch propellers. The <>utlille

of the method is given in reference 6.

The basic results are l)resented in the fornl of clll'x+es

in figures 5 to 28; comparisons and derived (lilts ,ire

given in l]glll'OS 29 to 42. The test results llltVe t_CCli

tat>ulated in six t.ltt)les and are awlilable on rc<tliest fr(ini

the National Advisory C.onlnlittee for Aeronliutics.
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F[GURE 8,- -Design chart f4_r pr()pellcr 5_;_8 !_ ((!lark Y scclit)vl).
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FlamlE 9.--Power-eoetI]eient eurves for propeller 5868-I_,6 (IL A. F. 6 section).
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FIGURE |l. Thrust-coefficient cunes for propeller 5S6_-lt6 (It. h. F. {;seclion).
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Fie, trill,; 12. Design eh_lrt for propeller 5Sl;_ 1{6 (R. A. b'. i_ _e(,lhln<
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/.0

.8

.6

q

.4

.2

0

Fltlttl',E It. Efficiency curves for propeller 6923 A (N, A. (?. A, ,|tl00 section).

.04

.02

0 .2 .4

Fm/'_¢_ 15. "l'hrust-ctmll'_cient curves for propeller 6623-A (N. A. O. A. ,t400soction).
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/.0 I I i V/ ........
I I

.4

/,/Z.-k'_

o .2 .4 .e .8

FI(;,URE 18. Efficiency curves for propeller 6623-B (N. A. C. A. 4400 soction inner hall; N. _.. (I A. 2100 3l _¢ciil)n outer half).

./0

•o8

0 .E .4 .6 •8 1.6 z8 2.0 2.2

FI(;URE 19. Thrust-coefficient curves for propeller 6623 B (N. A. C. A. 4400 section inner half; N. A. C. A. 2]00 3t section route h_dfl.
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DISCUSSION

Basic airfoil sections,--The thickness distribution

and the camber lines for the six basic airfoil secti()ns

emt)h>yed in the I)ropeller <lesigns are shown in figure

29. The thickness distribution (tig. 29 (a)) is about

the same for all sections with two exceptions. The
leading-edge ra(tius of the N. A. C. A. 2400-34 section

is sh()rter and the front l)ortion i_ thinner tha)l for t,he

()ther sections; als(), the point of maximum thickness

()eeurs at 40-1)ercent ch()rd for the N. A. (k A. 2400 34

section and at 30-percent ch()r(] for the other sections.
These thiel<ness-distril)ution differe)wes aee()unt fi)r the

superior qualities of this section at, high sl)ee(Is; flee,rose

the ra(lii of curvature of tlm upper surface are large,

L
M--
N

I I

N:

N.A.c.A,_zR_oo L_ _1
t64oo I I

o------. >_.A._6 _ I
_'-- Clorl_ Y_L_ __ J

N A C A, Z400-34

i i

_- Clor/_ Y .... A(A.C.A Z400"34

......... R.A£ 6 N,4.CA 2R, O0
.... NA C.A. 4400 /V.A.C.A. c_4OO --

(b) _- _-_-

_ ---- _ ---__ -_

(a) Colill}[trison O[ thickness-f()rm CllrVes.

(b) ('omparis(m of carol,or lines for 0.751L

FI(IURE 29. ('Olllll_trisoll of tllickll('SS-['orlIl Cllrves all(| eaT]lbcr ]tileS. "]'llc (!ht_rd

lines for tho R. A. F 6 and the Clark Y se('tion_ have been shifted to bring the

leading :rod trailing (,_ g _s of the ealnbor lines to)zethcr.

the h)('al in(hwed veh,ei(i(,s are k('pt small. ]m_smuch

as eompressibilit,y h)ss(,s result from h)eal veh)eities

exceeding the velocity ()f sound, the ('ritieal sl)eed for

this section is delayed t() high(,r vahms. The trailing-
edge portions of the R. A. F. 0 and the CI'H'k Y sections

are slightly t hM_er than the others, but this difference

in thickness (iistribution of the sections is i)robal)]y of
small importance.

Ex('el)t for the thickness distril)ution ()f the N. A. ('.

A. 2400-34 section, the only essential physical differ-

ences l)etween the see(i()ns are the shal)es of the rot,an
camber lines. The ('aml)er lines f()r the N. A. C. A.

sections are mathemntically (terived curves and the
caroller ratios remain the same for all thickness ratios.

[n the design of the l)resent propellers of N. A. C.. A.

section, the blade sections at (lifferent radii are thick-

ened or thinned with resi)eet to the 1)asie section from

the mean camber line, which remains constant. In

contrast to this method, the Clark Y and the R. A. F.

6 sections are thickened or thinned from the chord line,
which is also the lower surface. The mean caroller

lines are therel)y different for each section thickness,

the amount of eamt)er t)eing prol)ortiomd to the t]d('k-

hess. In or(ter to avoid differen('es in effective pitch

(list ribuli()n for all the l)rOl)ellers, the section |)lade

angh,s were corrected for (lifferences in the angles for
zero lift.

The mean camber lines for the stati()ns at 0.75 radius

are plotte(t in figure 29 (b). Those for the R. A. F. 6

anti the Clark Y sections have been i)lotte(l with respect
to lines ])assing through the intersections of the camber

lines and the leading and trqiling edges and not with

respect t<) the chord lines. The general sh,q)es of the
mean camber lines are simil,w for all of the sections

except for the R. A. F. 6 and the 2R2()0 sections. The

R. A. F. 6 section is characterized by the r.q)idly

increasing camber at the nose of the section, and the
c'md)er line of the N. A. C. A. 2]{:00 section is reflexed.

Tim elreet of the shal)e of the mean c'md)er lines and

the amount and l)ositi<m of nmximmn caroller on the

aerodynamic ehar'mteristics are faMy well estal)lished.

In general, high carollers result in high wdues of
(). .... and (' while low e:unbers result in low_ l)ml n

values ()f l)oth ('.L,o, and C,>.,. It is to be exl)eeted,

therefore, that the maximum prol)eller eftieieneies will

reflect ([ilrerenee,_ in the l)rofile drag and that tlt(:
etlicieneies at low wdues of V/l_l) will reflect differences

in maximum lift, mul in (lrag at high wdues of lift• In

(he selection of the sections, eonsi(leration was given to:

the mininmm drag, (l)e maxinmm lift, the aero(lynamie

molnent, an(l the sl)ee(t at which the eompressil)ility
stall oecm're(I. The N. A. C. A. 2R:00, the N. A. C. A.
4400, and the N. A. C. A. 6400 see(ions constitute a series

differing essentially in 'mmun( ()f caroller and, ('onse-

(lu('n(h' disl)lay dilreretwes in C,..... and () ..... . The

N. A. ('. A. 2R=()0 sec(i()n w.ls chosen in pr(,ference to

the N. A. ('. A. 2400 se('ti()n f(w the 2-l)er(.ent-eand)er

group l)eeause it has a h)wer ()>.,. :m(l it was thought

that (h('rc might t)e some l)raetical advantage in treeing
a zero change in _wr()dynamic moment for controllable
propellers. The N. A. (!. A. 2400 34 section was

seh,eted because of its delaye(l eoml)ressil)ility stall.
Comparison of propeller eharaeteristics.--In order

to stu(ly the influence that the different sections exert

on the l)ropelh, r characteristics, sut)erposed sets of

era'yes of the thrust, the power, and (he efficiency are
given for three pitch-diameter ratios for zero thrust

(figs. 30, 31, an(l 32). The pitch-diameter ratios of

0.82, 1.2(_, ,'m(l 1.83 c()rrespond to ))lade angles of 15 °,

25 °, and 35 °, resl)ectively , for the Clark Y i)r, peller.

The t)l:t(le )ingles for the other proi)ellers are slightly
different, as may be noted.
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FIGURE 3().--Cottll)c_rison of t) ll|cal thrust el]ryes.
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The important difference, in the thrust ('h,mwteris-

tics (fig. 30) attributed to the diiferent sections is the
value (if ('_. tit, which the tihnles Mall. The liropellers

(if _°-percent cimil)er, lho N. A. (! A. 9400-'34 and the

X. A. (}. A. '21l.,00 se('tions, stall lit, li (+7, Vil]llO of ll|)oIIt

0.13; t, he ])l'()l)oller (if 4-])ercont ('i/111})(,1', tile N. A. C. A.

,t4(){i se(qion, si,dls 'it M)mlt 0.15; and the l)ropelh'r (if

6-1)or(,eilt (.amber, the N. A. (L A. 6400 seiqion, nt
lit)out 0.19. The curves indica, te that the prol)oller of

(Thn'k Y so('tion h._s an nverage (.nmbor ratio of about

0.035 for the entire l)rOl)olM', imlsnmch as the st:ill is
lit. II (Lr v:l|ue of "||lout 0.15. The ,iverage ('iunbor ratio

iS |iilZli('i' tlilili tlnlt t'()1' tile 0.75 lul(lius station (0.()2(i),

l)rolnl|iiy OWilig tit the fll('l t,|ult the iii})onr(| sections 11i'o,

nil delhiih'ly lilore hig'hly ('ilili])oro(l widlo |he outboard

,,T M_7 _
$echon Blade a_ffle, ffeg. I

Clcrrk Y 15.0 ZSO 360] .....
......... i7.A.F. 6 150 24.6 iS.0

---- N.A,C/. 4400 148 Z4..9 ,34.7 _

(,[Ii('i(,n('y al)t)roac|les the ideM for which ilie protile

([l'iI_ is Z(q'O. Algo the i(Mll ellMen('y is highest lit

zero thrust whMl ('×l)l'lin,_ why the pe,ik efli('ieil('ies

occur at higher vi/hies of I ?,1) for the ](iw-canll)er l)ro-

pelhn's. This shift inlz of lhe peaks to higher values of

l'i/_D for propelh;r,_ of d(wreasing protile dralz is of im-

t)ortan('(, ill design w(irk. The ('loser lhe l'/nD for l)ellk
cIticiciwy lll)proa('hes the l','nI) for z(,ro thrust, the

sm'lller is the I)ower (.oetti('ieni and, ('oiise(luently, the
I lit cxtrenie ('(tndition is for agrcldor the diameter. '" •

pr(q)eller with die ideal eith'ieil('y, i. e., lnaxinium effi-

ciency occurring lit ZOI'O thrust, lul(l zero t(ir(luc sO
that the diameter is infinite and ill(, rolntioluil speed

zero. The significlulco of the diluneter will tie elllrl-

fled l)y coniput,iltions l<lter in the reli(n'l.

:77-__1.... l J 1-
--- _A.CA _RzO0 18.0 28,0 38.0

N.A.C.A _400 14.0 235 33.61

q

I xk

< , /zA..CA. _O0_

U

i
', II

Approx. blade

,I"angle of O.7_t7

15 * 2.5 <

I
.8 1.0 /.2

V� nD

1.4

- _ I _-

I I I l

II

1.6 1.8 2.0

FIqURE 32.--Colnparisoll

oliOS nre only slightly less calnl)orod. The propeller of
R. A. F. ti ._e('lion ha,_ II higher llvernge effective lnclnl
('anlb(,r r, iio t.han |hat of its 0.75 radius station for the

slime tells(m; it is (i.ll55 |is c,nlpllred wilh 0.040.

The ('orre.M)()liding p(iwer ('urves ,re given in figure

3l. in the re,,,,i(in wh(,re Ill| |he prol)ellers are st ailed,

it may 1)(; seen |hal the high-(:amber propellers have

h)wer 1)ower coetthdents thlili tile low-clnntler OliOS.

The eiti(:iency ('urve,_ given in figure 32, indicate lhc

effect of pr(tfih, drllg Oli ninxilinnn etthdon('y. The pro-

i)olM',_ o[ low clillll)(q" di_l)hiy efli(den('h's li|)Ollt, 3 per-
(!(qit, higher tliali for lhe ()lle_ of lligh (!lililiier, lin(i |he

poll k._ O('('111" 'it higher vllltl(i_ of l'..'li[). Both el[(wis |ire

attributed to the hlwer l)rolilo drag._ iff the low-('nmber

pr(ipelM's. The h)wer the prlitile drag, the ('loser lhe

of typical efficiency cur_es.

The efficiency curves nlso reflect the high-thrust and

the low-drag vl(lues ol)served for the high-clnnbor

prol)ellers Ol)ernlin K lit low VIl]llO._ (if 1",,'111). These

differences in elli(qelwy, however, do ll()t, necessarily

l'(q)r(,s(qlt tl'tlO differen('os in till'list ])ow(,l" liVliillt|)iO hir

eit]ier tixed-1)iteh lir controlhd)le prol)eller._. Ill tile

OllSO o[' i_ eOllli)illidiOll (if a fixed-pitch ])rol)elh'r nlid ltll

engine, difforenee_ in (1>(i ((|o._igli power ('(leith'lent.) will

deternline differences in (litinleter, so that for it given

tnke-off speed th('r(' will lie difl'erences hi l?'.n]), _7, /lnd

lllso engine Sl)('ed, N. The thrust. ]ioi's(_l)iiwer uvliilll|il(b

if ('OliStlllll, tOl'(lllO is ii_Slllll('(|_ is O|)tltillO(| frlllll
N

t. 111).= (I). ]ll).)0_

where No is the engine Mleed at the high-speed ('on(lit ion
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(a) All propellers designed for nn_ximum etlieien('5 at high speed.

(h) All propellers have same diameter for a given (!, (Clark Y propeller used as

slandard).

FIGUI_E 33.--A comparison of propellers f(_r the high-speed and take-.If flight con-

dition. Take-off criterion, V=0,25 _.=.

of flight. In the (',so of (!ontrollable propellers, the pitch

is adjusted to maintain Cp o and No constant so that

different propellers will be set at different blade angles
for the same I_/"*_D or air speed. In order to show tim

effcct of the diffcrent blade sections on perform,nee, the

thrust 1)ower awfilablc is computed and will be dis-

cussed htter for both tixed-pitcl, and controllable
propellers.

Effect of blade section on the performance of engine-

propeller combinations.--Any conclusion drawn from

comparisons of relative engine-propeller performance

depends somewhat on the methods employed in the
_tnalysis. If each prol)eller is selected for maximum

efficiency at high speed, the diameters of the various

propellers will be different, depending upon the design

power coctticient, 6_0, which in turn depends on the

V/nD for l)eak clliciency. The differences in diameters

will have a large effect on the etllciency at the take-off

condition, for controllable propcllcrs the larger the

diameter, the higher the eiticicncy. If the V/nD for
peak cllicicncy could be determined with uniform ac-.

curacy for all propellers, the comparison would be a just

evaluation of the relative merits, compressit)ility or
tip-speed effects due to the differences in diameters

t)eing neglected.

If the propellers are co]npared on a basis of equal

di.tmeters for a given design condition, all the propellers

will not ot)erate quite at peak efficiency at high speed.

The lligh-canlber propellers will operate beyond the

peak and the desiglls will be, in effect, "compromises"

because the take-off efficiencies for controllable propel-
lers, at least, will be incret_sed thereby. Tlie constant-

diameter n_ethod has the advantage of co_nparison at

equal tip speeds, and the airplane structural limitations

on the diameter are often the determining factor.

As ]_either method is entirely satisfactory and both

h_we their nicrits, computations tlave been given for

each. In some instances the results appear to be con-

tra(lietory but, if the methods are well understood, a
rm_sonable interpretation can be made.

In figure 33 (a) the propellers are compared on the

basis of maximum etiiciency for high speed. Curves

are given for high-sl)eed efficiency, for take-off elt]ciency

for controllable propellers of the constat_t-speed type,

and for take-off etticiencies for tixed-pit(4_ propelh,rs, all
for a wide range of design conditions (values of design

(,'_ from 1.0 to 2.5). The take-off" criterion is assumed

to be the thrust l)O_ver available '_t a speed equal to 0.25

of the high speed of landplanes. This value corre-

sponds to 0.7 of tile take-off speed for airplanes having

a speed ratio of high speed to take-off speed of 2.8. It

can be shown that 0.7 of the take-off speed is the best

single point for comparing take-off tllrust as that point

represents the approximate center of the _trea of the

gral)hi('ally integrated diagram of take-off run of most

airt)lancs rcl)rcsentcd by J't(h,, wliere t and v represent

time a_l(l velocity, respectively.
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]n the computation of the tqke-off thrust l>ower, the
engine torque is qssumed to be equal to the torque at

high speed. The engine sl)eeds are assumed to remain

constant for the controllable propellers l)ut to decrease

for the fixed-pitch propellers in the take-off ccmdition,
according to the relation

_rtl-- _ - I" 0,' "_ 1'

Allhough the percentage of t.hnJst, power _tv_ilab]e +_lso

represents propulsive efficiency for ihe conivoll,d>h,

pr<>pelhu's, it represents _(N/A]_) for the fixe_l-pitch
propelh,rs.

The greatest difference in m_tximum elliciency is about
3 percent; the highest elliciencies are for the lmv-camber

propellers.

It, seems str,+m_e that flw e.ntroll_d>h_ l>r.pellers of
l.w and medium eamt)er wouhl also excel for the take-

.ff c(mditiCm. This l>armlox is explained by the results
presented in tat>le 1V. The low-camber propelhu's are

designed with larger diameters than the high-camtwr

ones 're<l, in order to absorb the same power at the

take-off, are set. to lower bl'_de angles for which the

elli<geney is higher.

The high-camber propellers are definitely superior for

tixed-pit<'h ln'oI)elh, rs set. at high t>iade angles. The

reason is quite otwious. (See figs. 30, 31, and 32.) The
stall is delayed to higher angles of attack, i. e., to lower

v_dues (>1' l%D, and the _ain in efficiency due to the

h>wer drag aml the higher lift of the sections is quite

pronounced. The decrease in engim, speed also plays a

prominent lmrt in the available thrust power, as is shown

in t al>h, IV. The hi,_l_-camber propelh, rs are designed

1. operate ,tt higher vahws of C th,m the low-eamt>erP0

ones. The higher the ('v0, the less is the increase in C+.

for take-off' and, consequently, the less is rite drop in

rolatiomd speed. The stallin_z characteristics of the

prolwllers do not enter the l)rolHem for h>w blade angles

so that there is less choice of sect i<m for hnv design
C, tend ill<ms.

In figure 33 (b) the I>ropelh, rs ,<re compared on a basis

of equal diameters for given values of (++. The t)ropeller
of ('lark Y section is taken as the standard because it

is of mediunl eamt,er. The diameters of the low-camber

l,'olwlh, rs are slightly deere'tsed from the previous

<'<mHmt'ismt and those for the high-camber <rues are in=

creased. The high-speed ellicienees are slightly differ-
ent froth the maximum values but the order of met'it is

the same.

The order .f take-off efliciem, ies f<>r the con<roll,dale

prot)elh'rs is ehan/ed. The hi/h-<'aml)er propellers are
about e<ltml, in general, to the medium-camber ones,
and t/re low-camber olios hnve the l<nvest, elIieieneies.

I lu me<litnn-eaml)er and the hiKh-camber pr<>pellers

are about e<ittal in this comparisml because <wither type

exceeds tit<, stall for tit(, take-oil' criteri,)n (see table V);

the suI)eri(w st allin_z charm'teristics <)f the high-caroller

l)ropellers are, <>fcourse, not ut.ilized. The high-eaml)er
prol)eller is slivhtly SUl)erior at a (>s valtm of '_ _ wttich

shows that its st+dling eharact<,risties are b('gitming t<>

be utilized 'rod, for higher C: vnhtes, they should be
definitely superior, The high-<'uml>er f>ropel[ers wouhl

have been superior at h>wer valtws of ('_ if the <tiameters

had all t>een smaller. For exttmple, if the pr<q)eller of
R. A. F. 6 section had been assumed lo t,e the standard

of eonll)arisot| instead of the l)rtq)eller of ('lark Y

section, the high-<'aml)er imq)elh,rs w<mhl have excelled
at C+ values above 1.5.

Large differences in take-off thrust 1)<)wet ure evident

for the vnrious [ixed-pit('h prol)elh, rs. This ('()mparis()tt

is the ch)sest rel)resent'_tit>n given ()f n 1lure etth'iency
cOral)arisen l>e<'+mse the take-<>J]' ('+, has +d)t>ut the s+m_e

value for nil pr<)l>ellers; they therefore ull have about
the strafe <lro 1) in engine spee<l. The results given in

figure 32 show tit<, same m'der (_f merit in the tnke-olf

0o

CIorI_ Y _ 0+09 Pr-esent tests
...... R.A.F. 6 i

i

J

I

.8 1.2 1.6 2.0 2.4
Oe..sign Cs

t"lquR E 31.- ('l)llltlalqsnn of Prol_ellers of ('lark Y aim tl, A. F. fi sect inll of I we I hick-

i:less ratius f.r Ihe take-off condilinn. 1"-0.251",.a_, c<mlrollahh, operation; :flI

I+roI>ellers have the stlllle diallletef,

range as the emnparison in ligure 33 (b); both methods

indicate the superiority of high-camber propellers for

medium and high blade-angle design conditions.

Effect of thickness.--In reference 6, c<)ml)arisons

were made between propellers of three different see-
ti<ms: Clark Y, R. A. F. 6, a_+(l N. A. C. A. 24(t0 34.

The l)ropellers were thinner th,m the present ones

(h/b:=O.07 at 0.75R as compared with/+/b=0.09). In the
former comparison, l)used on eontrolhd)le 1)rol)ellers of

equal diameter, the 1)r(>l)eller of R. A. F. 6 section was

best for take-oil, while the l>resent tests in(tie'de the

l)rol)ellers of Chtrk Y and R. A. F. 6 se(,ti()ns to be about
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r f,'V. AC.A.2400-34 oufer- ho/f
] /M A. C. A . 4400/'nn,

--- A/.A.C.A.4400

.... N.A.C.A.2RzO0

-- -- N.A.C.A 6400

.16

• 14

IZ

: _ I //

.2 i

--,I

o
-4 0 4 8 /2 16

Angle of oHock, ct ,deg.

I"Uit;RI_; 35. Airfoil char:tcteristics .[ propeller _ctions computed from tile 0.70R

station. Blade angle, 25 ° at 0.75R.

equal. It is reasonable to assume that the dilferences

in relative efficiency arc due to the differences in thick-

hess of the two sets of prol)ellers. Figure 34 shows that

the propeller of Clark Y section improves in take-off

efli('icncy with increasing thickness whereas the pro-

t)eller of I{. A. F. 6 sectio, does m)t. It is well kn(,w]l

that CL_., increases with airfoil thiclqwss _,ml camber

up to a limit. As the R. A. F. 6 section has a higher

camber than the Clark Y, it seems logical tlmt it would

reach its CL.o, limit at h)wer wdues of thi(:kness.

Reference 2, which is a more general study of the effect

of hlade thickness, seems to substantiate this (,(retention.

The N. A. C. A. section propellers are not so seHsitiw,

to change in thickness because the camber is not a

function of thickness.

Lift and drag coefficients reduced from propeller

results.--In reference 7, Lock presents t w. met]_,ds of

reducing propeller characteristics to airfoil results aml

vice versa. In one method, coml)utations are nmde f.r

six blade elements and the thrust and the tor(lue grading

curves are integrated. The second method is based on

only a single radius, the assumption being that the shape

of the grading curves renmins constant so that a coH-

stant integrating factor is used. This method is further

simplified by the use of charts so that a propeller may t)e

analyzed within an hour.

Lift and drag curves derived by the single-radius

method are plotted against angle of attack in tigure 35

for the six propellers with a blade-angle setting of 25 °

at 0.75R; polar curves are given in figure 36. The

results for only one blade _lngle are amdyzcd. The

tests from which these curves are derived were made the

same day under apparently identical conditions 'rod arc

therefore considered to be relatively more accurate than

for the whole series; the estimated precision is withi,

0.5 percent for _ ....
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Of interest q re C C "rod C. '_t high values'l)mln' /Ltnuz'

of Cr. Tile sect:ions of 2-1)crccnt camber show w/lucs
of C of about 0.01" the sections of 4-percent camber

L'*m_ n

show w_lues of about 0.017; and the section of 6-percent

camber shows a value of about 0.()2. Thc prol)ellcr of

R. A. F. 6 section, which has a carol)or line (see tig. 29)
different from the other sections, shows the highest

('1 ..... 0.022. The 2-percent sections show values of

(Jz .... of about 1.1; tile 4-percent section, of at)out 1.3;
and the 6-percent section, of about 1.5.

Lift and drag coetficients are of little value in deter-

mining the reb_tive merits of the airfoil sections for

propellers unless their qu,mtitative imp(>rtance is deter-
mined. The inlluenec of (_ at, n,,,,,: (apl)roximately

C,.,o) on n,,,,x is given in tigure 37 for the propellers

when set at _t blade angle of 25 ° at 0.75R. L,lrge

changes in C, are seen to ,flfcct n..... only ,_ small
anmunt. Redttcing CD from 0.02 to 0.01 increascs

n ..... only 3 percent. By extrapolation, if the drag couhl
be reduced to zero, tile n ...... wouhl be increased only to

0.895, which is only a few percent bdow the ideal for

this condition. (The ideal etliciency neglects profile

drag, hub drag, body slipstream drag, rotational losses,

tip losses, blade interference, etc.) This result indicates

that tile possibilities for improving n ..... by reducing the

l)rolile drag of the sections arc very limited; the mqxi-

mum increase is prol)ably not more than 1 or 2 percent
above that for tile prescnt-d'ty standard sections. It

should be eml)hasizcd that tigure 37 al)plies only to a

blade-_mgle setting of 25 °. For higher angles Ul) to

about 45 ° , according to the simple bladc-eh'mcnt

theory, (20 would have a slightly smaller inllucncc on

_maz,

A direct relationship does not alwqys exist between

CL,,,, and take-off etlieicncy because in many cases the
stall is not reached. Fixcd-l)itch 1)ropclh,rs set at

bladc angles t)clow about 20 ° (the allproximntc t)ln(Ic

angle for stalling at zero 'fir sl/ecd) and some cimtrol-

lable prol)el]ers set, at angles as high as 30 ° do not stall

dm'ing the t,d_c-oif run. Probably some indirect rela-

tionship exists, however, between C_,.... mid the take-
oil" etliciency bccause of the drag at high angles of
attack associated with sections of different c,mfl)cr.

The relati<)nshit) between the (_,_,.,, and the lakc-otr

cilicicncics of controllable and tixed-pitch enginc-1)ro-

1)c]ler comlfinations is given in tigure 38. In figure

38 (a) the ,m,tlysis is based (l_l propellers designed for

r7..... t lm (lath being taken from figures 33 (a) and 35.

I

X C/or-k Y, 0 f_.A.F, 8, AN, A.C.A.4"IOI__I_

EIfN.,4.C A 44007/7nerflo/f I I
]IV.A. C.A. 2400-,34 ou/ez- holf I

+ N.A.C.A. YRzO0, 7N.A.C.A-6400 I _

o I.I L_ L3 L4 I.S L6
_l-rna_

(a) All lWOl)ellers designed for maximum elficiency at high Sl_t, ud.

(b) All i,rol)ellers have same diameter for a given (', (Clark Y l_rOl,eller used as

standard).

FIGURE 38. ]{.elg|iollshi t) between (--'t,=,= and tile propeller characteristics for the

take-off comlitimL Take-oil criterion, V-0.25I_.

It may be seen that increasing values of (' ......arc asso-

ciated with a slightly decreasing take-off thrttst power

of controllable 1)ropellers. This tren(t, as previously

explained, is due to the differm_t take-otr bht([c settings

necessitated by the differences in (liamctcr.

The trmul of t,kc-off thrust power in(,rcascs with

in(.rcasing C1:,o, for the tixe(l-piteh propelhws set at

moderately high bl,tde angles but not for the h)w I)la(te-

angle settings because the blades are never stalled.
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]n figure 38 (b) a similar analysis is presented for

propellers having equal diameters, the material being

taken from figures 33 (b) and 35. In this example,

increasing wJlucs of CL,,,,z are associated with an in-

creasing take-off thrust power of controllable OIopellers

for only the low (_ range and the high design C, values.

The high-pitch low-camber propellers are the only

ones exceeding the stall '_t the take-off, as previously
pointed out. llad the diameters of all propellers been

smaller, more l)ropellers woul<t have ex<'ee(h,d the stall

and the a(ivnntage of a high lift ('octli('ient would be

lnore gelle[',ll.

The adwmtnge of high lift, coelii(.ients for fixed-l)it(,h

propellers is definite over the entire r'mge investigated;

it is more definite, how(.'ver for the high blade angles
than for the low ones. The take-off thrust is increased

an average of 1 t)ereent for each 1 percent increase in

(,7:,,,_ for C_ values of 1.,5 nnd oYer.

Effect of compressibility.--In the tesis reported in
reference 8 it was noted that propellers of R. A. IF. (i

section were more nirected 1)y compressibility in the
take-off and climbing range than those of Clarl< Y
section. It is reasomlble to assmne that the other

propellers wouhl likewise display differences. Of the

sections incorporated in the present propellers, the
Clark Y, the R. A. F. 6, and the N. A. C. A. 2409-34

have 1)een tested 'is airfoils in the N. A. (?. A. high-

sl)eed wind turn,el and the. results are given in tigure

39 (from references 1 and 4). The low-speed results,

I'/I'_=0.4(), correspond approximately to the present
results. It, may be noted that the curves from these

tests of low-sliced airfoils check in a relative way the
airfoil curves derived from the propeller results.

In the airfoil curves for high speed (I'/V_=0.80,

fig. 39), it may tie. noted that the _'alues of the mini-
mum drag (,oetti('ient of the N. A. C. A. 2409--34 sec-

tion was doul)led, the ('lark Y tripled, 'rod the R.

A. F. (i nearly tripled t)y droll)ling the air speed. If
all the elen|[,nts were lrnveling at 0.80I', the maxi-

mmn eitieien('y of the propeller of N. A. ('. A. 2400 34

section would be expected to drop about 3 percent,

that of Clark Y section about 9 pert'cat, and that of

R. A. F. 6 section about 8 percent, judging by the

effect of drag on _ ....... as shown in figure 37 for the 25 °

1)lade-,mgle setting. Fortun|ltely, only the tilt ele-
ments :ire affected so the loss is much less.

For the 2-t)lmle 1)r(q)eller of R. A. F. 6 section turn-

ing at 1,800 r. l). m. (I'/V_--0.83), the loss in peak

efficiency is only about 1 I)ereent (within the experi-

mental error) (fig. 40), which means that very little
area at the tips is atrected. These results have been

translated into airfoil results '_mt are shown in tigure

41 for the 1)url)osc of eoml)arison with the high-speed

results sl,iwn in ligure 39. Some idea of the blade

I

I
4

FI(IURE 39.--('hara('lerisiics (if three airf(,ils at Iw[_ air speeds as measllred ill tile [%'. A {' A ll-ineh high-speed [tlllIlel (from references 1 and 4).
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area affected may be obtained by referring to tigure

42 wherein C. is plotted against K/'V_ (which is also

a function of prol)eller radius, assmning only rota-
tional velocity). If e(msi(hration,,, is given to the

1;
[ [ "_,'_i (, i 1- ' 'Propel/er T/p l

o81 ' - '_,X_! i' _speed, speed, I 8
' i i i _(,X\ L_'+'_-l, ,-.p.m _p,_.; •

c_ l -; [ l\\W'f7 1 :\" I -_/,eoo--_2811
¢ I ,

I [ _I_ \_ \' /_oo----837
c_ w , 7/t_../ \\X I \_' .V1 :

0 .2 .4 .6 .8 /.0 /.2
V/nD

l,'mct+/+: IO. Effect ofcompressibllit3 on tlm e}mrnch, rblivs ofa,l R. A. F. 6 l>rOl>elh'r

([I'IHII re[erPtl(,(! N),

thrust distribution over the blade, which falls off near

the tip, it is readily seen why the prolnqler of the

R. A. F. 6 section loses so ]it.tle in peak eltlciency owing

to compressibility.

It is pointed out in reference 4 that the N. A. C. A.
2400- 34 series section is superior tit high speeds to the

! i

FIdUt{E 4l. Airf.il section characteristics rmhlced fronl pr.lmller I'eslllts. Txv<l-

blade I_rtll)eller of tt. A. F. 6 sectitm; blade angh!, 15 ° at 0.751f (from refl+r-

t!IICe 8).

eomnmnly used propeller sections and the, era'yes that

are herein reproduced in tigure 39 nre given as evidence.
As a result of the reeommemhdions of rt, ferenee 4,

t)ropeller 6623-B was designed wid+ the N. A. C. A.
2400-34 series section for the outer half. This pro-

peller was not tested at high tip spends because the

propeller of R. A. F. 6 section showed scarcely any

decrease in peak ellMency; it. was concluded that any

('Oml)ressil)ility elre('ts of the l)rol)elh, r of N. A. C. A.
2400 34 section could not l)(' measure(l at n,,,_ with

the i)rescnt test set-up.

Figure 42 shows the

compressit)ili(y for the
N. A. C. A. 2400 34

relative 1)lnde area affected by

propellers of 11. A. F. 6 and

scc, tions. It appears that the

tip speed must be at least 0.90I'_ before COml)ressi-

bility efl'eets at _ ...... eouhl be measured on the pro-
pellet of N. A. C. A. 2400-34 section, and then the

loss would t)robably amount to not more th'm 1 i)er -

cent, judging 1)y the results for the 11. A. F. (i section

for a tip speed of 0.831"_. The results of reference 9

also show thnt no h)ss in peal< elli('iency occurs u l) to

N A.C.A. 240.9 34
T'"_A.f: 6

i�

"_ .06

o .04
ilV"A'_'A+2409-34

•02

- -[ i

0 .2 ,4 .6 .8 1.0 /r2

v/v_

FIGURE .12.--l_;II'ect of eornpressildlJty on the drag of D,vo seclions when working lit.

lift eoellh, iel|ls for IllaXillllllll t)ropeller efliciency (from reference 4). I|ladt, area

appreciably alf0cltkl by cotlll)ressibJlity for a till Sl_ed equal t<) OS3 1%,

tip speeds of 0.85 or 0.90V_ for the standar(l 1)rol)cller
sections.

Tests of the propellers with the N. A. C. A. sections

at high tip speeds for the take-off and climbing condi-

tions are planned. It is not anticipated, however,
that the condition of high tip speed will materially
alter the relative, merits of the sections for the take-otr

condition because: First., only the tip sections onlinarily

operate at high speeds; and, second, compressibility

tends to equalize the characteristics of different airfoils

at high angles of attack rather than to accentuate any

differences. Figure 39 indicates that all airfoil sections

])ave _bout t l)e same C_,,,_ at 0,801"o This result

was also fmmd to be substantially true for propelh,rs.

In referent(; 8 it is l)ointed otlt that, although the

l)rol)ellers of R. A. F. 6 section lost more in take-off

elticiency owiflg to compressibility than those of Clark

Y section, the efficiency at low tip speeds was higher;

consequently, the etticiencies tended to equalize at

high tip speeds.
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CONCLUSIONS

1. The difference in maximmn propulsive eflMency
for propellers of different sections amounted to about

3 percent. The highest etticicncies were for the pro-

peller sections of low mean cambers, ,s may be noted

from the order of merit: N. A. C. A. 2400-34, Cl,trk

Y, N. A. C. A. 2R._00, N. A. C. A. 4400, R. A. F. 6,
.rod N. A. C. A. 6400.

2. The difference in t ake-off ellieiency for controllable

propellers varied from 2 to 8 percent, depending upon
the section, the design C, value, and the method of

comparison. Based on propellers of the same diameter,
the order of merit of the sections, in general, was:

R. A. F. 6, N. A. C. i. 4400, Clark Y, N. A. C. A.

6400, N. A. C. A. 2R200, and N. A. C. A. 2400 34.
Based on propellers of which the diameters were those

giving maximum efficiency at high speed, the order of
merit of the sections, in general, was: N. A. C. A.

211200, (qark Y, N. A. C. A. 4400, N. A. C. A. 2400 34,
R. A. IF. 6, and N. A. C. A. 6400.

3. The difference in take-off eliicien(_y for tixcd-

pitch propellers w,'ied through wide limits. B'lse<l

on either method of comparison, the order of merit

was: R. A. F. 6 or N. A. C. A. 6400, N. A. C. A.

4400, Clurk Y, N. A. C. A. 2R2()(), and N. A. C. A.
2400-34.

4. The tests indicated that blade se(.tions for ('on-

trollable propellers not limited in diameter should be

selected ahnost entirely on a basis of mininmm drag, as
the maximum lift coefficients had only _l small effect on

the take-off characteristi(.s within the range investi-

gated, because the stall, in general, di(t not o('cur.
5. The tests indioated that blade sections for fixed-

pit(,h propellers shouhl be selected on bases <)f both

mininmm drag and maximum lift, particularly for blade-

nngle settings of 20 ° and over. F(>r propellers of equal
diameters, the increase in take-off thrust was prol)or-

tional, in general, h) the maximum lift.

6. A rOmlmrison of ('lark Y _,ml I{. A. F. t; se,tions

,)f difr(,rent, ihiel<m,ss r;,lios for v_,nll'olb,1)h_ i)rol)ellcrs

.f the same 41i;imeler indicnt(,d ilmt i.hin (b/b 0.07)

l)r(q)olh,rs of R. A. F. _; sevtion were superior ,'ll t, ke-off

to thin propellers of ('lark Y seelion, but that Ihi_'k

(h/b=O.09) propellers of Clark Y section were equal to

those of R. A. F. 6 section, either thick or thin.

7. Tests already reported on the effect of compressi-

bility indi(.ate that no correction need be applied to the

maximmn eflMency of the present results for tip-speed
values of V/I._ up to 0.80 or 0.90. Although corrections

shouhl be applied to the take-off characteristics for

somewhat lower tip-speed wdues, the results show that

compressibility tends to decrease "my differences be-

tween proi)ellcrs of different se(.tion. The present tests

probably show the ,orre(.t order of merit even up to tip
speeds of 0.901,_.

LANGLEY _EM()RIAL AEIIONAUTICAL LABORATORYj

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS_

I_ANGLEY FIELD, VA., 51larch 23, 1938.
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TABm,: II

CLA]H( Y AND R. A. F. 6 BASIC PROPELLEI_ SECTIONS

L.E• rod�us

b
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• 0446 b_h

• 0464 bM
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, 05

I

2

.1

• A

. q

.9
J I)

I, E ra li l_'h

I_HI ¢
b.

"I'ABL_: Ill

N. A. C. A. BASIC PROPEI,LI']I{ SECTI()NS

L [ rodlus / C 9 _ Meon //½e

, _ h_ _
' _, "_ _

_o he, & i h ,'"m_.. - E'hord

k b q

(hl _ h:,_,,

11111)

h Ih arid he _tr*' itl,,_l_llrl,(I IH,rlu'tldi(•llhr In Ilw I:lllgellt nf Ihe II1¢_111 line

mh hdh h,_/h
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0O937 '2_ '2

. (H 7ZA) .391!2

• (13D()I) 47_1

• (13751_ .500[

, !.IlOI _0 .4,%36

• {13'.,_9 .4tl I

• 1135.56 . ._113

• 11_111)11 • ;'_153

• fl2222 .2186

• 01222 . ] 21P'_

0 . ()l(I,5

I. I (biId

• ,t2h

• 0313b

2fl)O :iS 21{:1_)

,tg6 h_/h : h_/h

_; _212 O, 140

, IHI46!I ,20_

• (KIg75 ,31)4

.111 _AH) . .125

• (1197.5 .484

. O-_D[)O . ,"_N}

• (11!144 . iS6

• 0177_ .443

• 111501) • 372

.flllll .277

• l}0611 . 156

(I . (1111

II, 275 (h/b)

II. II_)

• 16b
• f)172b

I
a/h I hu'h

hz.'h

I1. (NI361 ( I. 217!
. (RRk_I '2_._';2

.012111 [ 3902

. Ill g;_l .47_1

• (119(,I(3 .50(I [

• 01921 4_36

• 111414 441 t

• Og93fl .3_)3

• 1137111 .21152

--. I_ hq24 .2186

--. t)111_47 . 1206

o • 0105

1 1 th/h) a

O. 153

.42,5
,11126h

_; |lltl

,h'h h,,,"h h:,/h

p. 1_172T (L 2179

, I)l IOft .2962

• 021i25 .3!_12

• ll4Zi)l) . 17KI

• 115625 • ,e_llll

.116111X1 .4_36

.115934 • t I l I

, O5333 .3_);1

. I)4,'d I I .31153

,113331 .2186

• (11_,3 t . 1206

il • 1_1115

1. I _h! :

I), ZII(I

, 12h

,1117:_h
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PEIIF()IIMAN(!I,] ()F I'I¢()PEI,I,I<I¢S IIAVING I)IAMETEI/ 1:()1¢ MAXIM IM I.:I:I,'I('II,:Nt:Y AT 111(_1! SPI,:EI)

6623 A

! I h's,i_ n

Propelh,r Secl ion

i"l

Clark !

i ......... '

5_,6_ 9 Y _ _ I. 0
1.5

2.0

'2.5

5_6J;;-R6 { R. A. F. 6 _ _._ I.I)

i 1.5

2.0
'2.5

N. A. 1'..A. 14IX) I. I)
L.)

Z0

2.5

N. A, C. A. ,l|ll{I hmt,r hail 1.0

241111-:14 (Hlicr h;llf. I. 5

'.).11

2,5

N. A. C. A. 2IL_(X} _ _ 1.0

1.5

2.5

N. A. C. A. (il(_) l.q}
1.5

2,0

'2.5

I;623 B _

682:* (' . . - -

i

6623 I) .

|-

IL 51)5

. _,52

I, 21:t

I. 5`(_;

• 553

• !t;t5
1.2_2

I, 7115

• 553

. _`(1

1. 244

l. 655

.505

1. 1.5t

1.5,5

,7s>_

I. 16,_

1. ,5_2

• 5fi2

I. 2_2

I. 7o5

l|i_)l Sl)ced 'l'ake-(Hl', (_otHr_Hh0de
pitch

I )Jam- ]Ha(It

el('r ttll_*lC

(ft.) ((h'g.)

I0 13. :2

IO 21. (,t

IO 29, 1

10 36. 1

9, 14 16. |

9. 12 2.5.7

q. 47 3l.(i

9. 37 3&

(.l. 1t 16.4

3.5!) 23.3

9.75 29.9

9, 65 :17.2

IO. iR) 15.2

10, 27 22. F,

10,51 2_._

I0. 31 36. I

II). f17 1,5.0

IILSl 21._i

IlL Ill 311,11

IlL Ill 3_. 3

`(). 41 22.4

!t. 17 2!1.4

9.37 ;*7. I

I" Blad('
allele

,7 .... _tD (,l(,g 1

I). 766 (I. 126 l_p k

. F, 1_, .213 15. I

• K(;I . ;tllt 19. ;i

• _51) .4110 22, 7

• 7i;3 , I:t_ 13.9

• _:tll .231 2_). 7

• 771 .13. 13. !1

• _,37 .222 17, ._

.s4_ .311 21).9

.b32 .414 26,0

.7_6 .126 12, (.t

• _511 . L_)7 IlL I

._,71 .2N) IX, 1

• h46 . ;ISll '2"2, 7

• 776 . I I!) I I..5

.k43 .1!17 1t.6

• _(il . "292 L_}. l)
• M.5 .3!!(; 2t,

.747 .141 13,2

• g31 .226 I(}. l;

• _,42 ,3211 2(L 7

• ,_2'3 .42(; 2(}. '_

t1, 31 }7

• ,12_

• 54_

• 312

• 41X)

• 4_(1

• 521

• 312

, ,I U')

• 4!12

,521

.415

• 496

• ,526 1

:131t

, *

30:i
4(lq

47_
52ti

I" : 111:11t('

'it 1) i
;tll_]l )

(d(,_)

t/, 151

•292

• 437

• 595

• 157

• 273

.41()
• 5611

la. 2

21.9

21,t. I

36. 1

1(;. 4

25. 7

31. (i
3K g

I

.15"2 1(;.4

• 271 2;L 3

• 422 2(..).(,i

• 578 ;17. 2

,151 15.2

2_'* 22. g

fi01 36, .t

156 15.0

2N2 21. K

fig 3O. 0

{12l_ 3N. 21

lS!l 15..5

27/ 22.4

3!16 2! 4

,,.2 I :174

"l'ak(,-off, Iixt'd pitch

N ' N

" N0 r( ,"01

1(}. :1.111 I), N;I,_) [ I). '_4

.,ill ,757 ,311

• 397 .6!13 .275

• 411;I ,670 .27(} '

• 32O . _,77 .2_0

• :'I,_4 , _5.5 .32'¢

.41`(t ,7M .:t27

• 31,X) .761 .21,t7

• 3_0 . _7_, .281

• 4111 • _211 . W21,I

• 392 .735 • 2_t!1

._7 .716 .277

• :i:_4 . _35 .27!)

• 3_3 .7:14 .2_1

• 413 .659 .272

• 415 .638 .2fi5

• :/49 .7(}4 .267

• t32 .6!t_ . :116

• 3_,3 ,651 .2YX)

• 387 . 630 . 241

•307 . ;S_,5 • 272

• 4(Xi . _,211 . ?)35

.44(i . gl}!t .361

4c)I .757 . :30_

"FA *H J,: V

I'I';I{lC()I{MAN(:E ()I" PI{()I)EI,I,EI{8 O1" EC_I'AL I)IAMI'TI'EI',

[('lark Y l)ropelh_r taken as standard]

J I 'l'ak(' oll'. ('otll/'olhd)]('

; I)P'qgn , lligh speed _! l)il(,}l Take-off,.... fixod ldt('h

Pr.l)eller ge('l [1)11 I
J*lade Blade). B ' _ I" N

Jeff eler (fl.) ] i(I ":, " .D I( Is. ) :hi) (deg.) )/ N0

- llJ 21. ,(1 .....
_ . I0 13 2 I 1 8 1;3.2 0. 3411 (l _:I, r)5£(ig-!1 ('lark Y ].t] I1 505 (1.766 0 121; {L307 O. 151

1.5 ._,,52 .S4g ,213 151 .42_ .2S2 21.9 .411 .757

2 II I 21:3 If} 29. i .861 .301 19 3 .500 .437 2_t, 1 .397 .693

2 5 1 5!_, LI) 31L 1 .85(} .4011 22 7 .5*h .595 36 1 .41_, . (i71}

586_,-R6 It.A, F,I; 111 ..511.5 li) 125 7;H .12fi Ill _ 311 .115 125 .33_ N69

_[ ._.52 10 21.5 ._16 .2EI 15.3 .42_, .276 21.5 .449 774
0 I. 213 111 2_. 7 . R33 :*l)l I* !I 511_; .412 2K 7 .4!11 .731

25 ',_,8 l,) / _1",8 .SIT , HII) 227 .570 .,'a;,s 3,5g .474 .7o2
/

6623-.'% g.A. ('. A. -It(R) . . I.O .5!15 111 13.4 .765 121; to_ ,327 . 151 13,4 .31g .b,2_}
I. 5 . _,52 10 21, 5 . ._35 2117 15 2 .428 .27t 21.5 430 .77_

2. l} 1.2];3 10 2K 7 . SII 3111 19 0 ,50_ ,42_1 _. 7 .427 .722

1. 598 10 ;*,_. 5 . 832 11111 23 2 . .5/ilJ . ,_K2 ;_.5. ,5 . 42'0 . 69,5

I;623-B N.A. ('. A. 4-1(X) Jrlller half. I (I . 5115 111 15. 3 .7S6 126 72 11 .338 • 1.52 1.5. 3 . 7132 . _30

24(K1 34 Pilfer half. 1 .5 . _,,52 111 23. !1 .848 2I;* ]7 3 .363 .2_,7 23 9 .36l .74:1
2 0 I. 21;I II) 31. l) . _66 :311t 21 1 .4.")ti .43fi 31[ l) . ::174 ,1i94

2.7, I. ;',9S 1'1 37., .S43 4,)(, 21.6 .1(}2 • ';(1'1 :17., .392 .11(15

,i623-('_ ___ N..k.('.2R,llq ...... l.(1 .505 1{, 16i. 7 .745 _71_ 13.0 .319 .159 16.7 .337 .794
15 .g.52 10 21.7 .h37 18.1 .410 .L_Jl 21.7 .360 .731

2.0 1.213 111 :11. _i .S611 311t 21.9 . .IX(; .115 :t} _) .;154 .6_11

2. 5 1. 598 llJ :18. 7 .8|3 4011 2.5.3 .51(1 .132.5 3K 7 .377 .637

6623-I )__ N.+,.('.Af;IO0. . I.O .5o5 l(} I13 .731 12,1 10_ .319 .116 11.3 .337 ._66

j /. 5 , _52 lO 19.6 82,_ 21:3 13.7 . ,121 .278 llh G ,435 ,766

] 2. l) 1. 213 10 26 9 . S35 304 17 0 .4(,)7 .4o5 26 9 ,502 .747

2 5 I. 598 10 33, 9 _ 16 4110 211 {i .563 . .5.57 33.9 ,496 .715

r_ j,\T

O. 2_4

. ;311

,275

.270

• L_a4

. :347

• 333

• 29.5

• 303

• 2>(32

. 276

• 21;_

• 259

• 2110

• 264

• 2t_3
• 24l

• 240

• _2

• 334

.37,5

• :154



,7-= • .7 . . +_

"._t% -
+1_

Axis

Designation

Longitudinal ......
Lateral ..........
Normal_

Z

Positive di_O, ionB of axes and angles (forces and moments) are shown by arrows

Sym-
bol

X
Y
Z

F6ree
(parallel
to axis)

',symbol

X
Y
g

I
Moment about axis Angle Velocities ]

, I

Designation

Rolling .....
Pitching ....
Yawing ....

Svnl-

i)ol

L
5I
N

Positive
directio_

Y-----)Z
Z----+X
X-_ Y

lAnear i [
Designa- Svm- (compo- Angular t

tion i)ol nent along

axis) __

Roll .... --_----
J

u p I
Pitch .... ] 0 J v q
Yaw .... ¢ I w r

I

Abso]ute coefficients of moment

_ _ U i

mdtC ,
'L

D, Diameter _
p, Geometric pith :
p/D, Pitch ratio +,
V', Inflow velocity ,':, ::, .

t :

V_, Slipstream velocity i

T, Thrust, absolute• eoe_cient Cr=p,_2_D4T

Q, Torque, ahso!uto coeRi_nt C_=p QD_

C_ L

(rolling)

1 hp.=76.04 kg-m/s=550 ft-lb./Be¢:

1 metric horsepower= 1.0132 hp.
1 m.p.h.=0.4470 m.p.s. :: + .
1 m.p.s.=2.2369 m.p.h.

(yawing)

Angle of set of control surface (relative to neutral

position), 8. (Indicate surface by proper subscript.)

4. PROPELLER SYMBOLS

P
P, Power, absolute coeffmient Cp=p_aL_

• 5/pi ,'_

C,, Speed-power coett_cmnt = _/i,_

n, Effmiency

n, Revolutions per second, r.p.s.

_, Effective helix angle--tan \*I27rrl_J

5. NUMERICAL RELATIONS

1 lb.=0.4536 kg.

1 kg=2.2046 lb.

1 mi.=1,609.35 m=5,280 ft.

1 m=3.2808 ft.

r

LI



ID



NATIONAL ADVISORY COMMITTEE

FOF_ AEROLTAUT I C S

TABLES I - VI

Supplement

to

P_EPORT NO. 650

THE AERODYNAMIC CHARACTERISTICS OF

SIX FULL-SCALE PROPELLEP_S

HAVING DIFFERENT AIRFOIL SECTIONS

By David Biermann and Edwin P. Hartman

1939





N.A.C.A. Technical Report No. 650 Table I





N.A.C.A. Tecnnlcal Report No. 650 Table 2

TABLE II

PROPELLER 586_-R6

V
n-_

!
:i

.I

i

•9 I

2.2 j

Values of CT

15

0.1055
.0884

.0697

.o491

.o294

.oo58

Blade

20 25 I 30

0.1468 0.179o
.1312 .1676 0.IS26
.114o .1541 .1817

.O958 .1387 .1780

.o758 .1218 .1661

.o547 •1o37 .1517
• 0335 .o8_o •1347
.o118 .o63o .n57

•o4251 .o959
o215 •0747

•o541
•0336
.o12o

angle at O.75R (de_.)

L35 I 4o

!o.1762
•1784

.1798

.1784

.ZU2

.1682

.156o

.1400

.1218

.0648

.o464

.0276

.oo_o

o. 1776

• 1766
.1764

.177o

.1783
•1801
.1806

.1801

.1800

• 1742
• 1576
.1_3
.1228

.lO53

.0881
.O 0

•0367
.o195
.oo17

15

o.o569

.o3_o

.o273

•O155

Values of Cp

Blade angle at 0.75R (4e6.)

2O 25

O.Og85 0.1232

.0870 .1229
•0830 .1225

.0761 •1193
•0666 •1131
.O538 .1o4o

.o39o .o91_
• o231 .o755

•0573
•0368

30 I 35

0.1620 0.2162

.16381 .2098

.1656 .202_

.1651 ._24

.1609 .2049

:_ 2o41•2010

.1258 •1918

• 1o63 .1771
.o845 .159o
.0612 .1385
.0370 .1161

.o927

.0679

.o377

ho

O.2868

.2831

.2765

.2696

.263_

.2598
•2588
.2600

.2658

.2664

• ?5k_

.2385

.2202

.U85

.155o

.1285
•1o23

.0750

.o_24

v

n-_

0.2

i
1.0

i.i
1.2

1•5
1•6

1.7
1.g

1.9
2.0
2•1

2.2

Values of

I 15

o.556
.668

.747

.776

.728

.299

Blade angle at O.75R (_es.)

2O

0.497
I .6o4

.687

.755

.797

.813

.773

.510

25

o. 436
.546
.629

.797

•816

• 701

3 o

o._5_

.754

.794

.824

.88
•S_3

Valuem of C e

Blade angle at 0.75R (_.

35 z_o 15 20

0 •326

•425

•776
._O3
.826

.8_5

.838

._01

•692

.382

0.186 0.533 0.49g
• 2_9 • 721 .652

.92 •824
• 319 1•15_ 1.oo5
:_ 1..3_ 1._2

1.8_o 1.435• 55
._27 1•721

.6 2 2.128.7_
• 7_4
.806

.82_
•834
.$39

•79_

•Og8

I

25 I 3o 35

0.456 1
• 60g I o.5_
.761 I .718
.918 .86o

1.O82 1.003

L25_ 1.153
1._5_ 1.31o
1.675 1.482
1.951 1.665

2.32i i._7g
2.133
2.447
2.900

4o

o.385

o5 3:#l .780
..963 .914
• .o9_ I•O47
1.236 1.18o
1.37_ 1.31o
1.53o 1._36
1.698 1.564

1.879 1.71o
2.081 1.867
2.308 .2o3

2.577 .221
2.912 .240
3.467 .261

.287

.315
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0

• • • * ° • • * ° • , , • ° , °
0 _ _ _ _ _ _ _ e_ e_ o_ o_ o_ _._ _°

I

d

_1o ' s ..............
"- d ........... I

'°i

i s ......... I

, i

d ..... !
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V
n-U

2

.6

:o
I•I

1.2

1._
1•

1.5
1•6

1,7

1•9
2.0

TAE_E X¥

PROPELLER 6623-B

Values of C T

Blade _ngle at 0.75 R., deg.

Values of CF

25 13o 135

o136o o16 
.1318 .159_
•1232 .1393 .194o

•11o2 .1335 .1477
•o957 .1272 .14o3

.0791 .1183 .1_40

.O614 .iO_O .1391

.o409 .o979 .1227

.o192 .0705 .1123

• O521 .0989
.0330 .0812
•O17_i .0621

i .0&26

I •0228
.0029

I

15 4-- 2o

o.o9771
.o85_' 0•1177
• 0694 •1o57
• o492 .0904

• 0289 •O730
.0083 .0540

.o326
•0107

4o I 15

o. o_,55
.O440

I O.1Z3o .039o

.16q2 .o313

.16_4.0214

•1588 •0090

.15_3

.1463
•14o2

.1347

•1299
.1225
.1118

.0978

.08P2

.0650
•04_1
.o294
.on3

Bl_de angle at 0.75 R., deg.

35

0.222_
.2164

2O

o.oz33
•o691
.0636
.o564

.o_55

.o3n

.o13_

25

0.1188
.II00

.I022

.0942
.0858
.0767
.06_8
.o4[1
.0262

30

I O.1668

.1618

-1959
.1_90
•1402

I .1300.llg7

I .lO6O
.0905
.0722

I .0506

.0252

.?099

.2025
•195o
•IS80
.1810

.1709

.1577

.1428

.1237
•iO11

.o759
•0480

•O19O

.2772

.2701

.2633

.2561

.24_9

.2415

•23_2
.2258
.7121

.1953
•176g

.1561

.1319

.lO46

.o757

.o457

V

0.2

I.i
1.2

1.5
1.6

1.7
1.8

1•9
2.0

15

0.429
.586

.712

.7_6

.810
•646

Values of _ Values of C a

BladeBlade angle at 0.75 R., deg.

2o 25 30 35'

0._82 0._3 0.269 0.222
.612 ._79 ._ 8 .29_

.71 
• 777 .7o2 .53s

.831 .780 .635 .5o3
•839 .825 .728•70, ,53 788

.868 .83oi .718

.8o6 .857 .783
.867 .s31

.844 .s53

.63_[ .86o.8_2

I .76o

I .260

t

40

O. 2_3

•305
. 65
._22

•g75

.529

•580
.632
.69o

.750
.801

.8 0

.838

.810

15

o.3D
.561
.765

I.OO0

1.293
1.795

2o

0•506
.68_
.a6g

1.o67
1.300
_._0_
2.128

angle at 0.75 R., deg.

_5 3o I 35

0._59 o.429 I 0.405

.622 .575] ._3
• 788 .726 ._s3

878 825
].o37 ..971

1.337 1.2o3 _.117
1.557 1:78 1.267
1.841 i.$67 1._5
2.277 i.780 1.592

2.030 1.773
2.358 1.973

2.923 2.215
2.517
2.q37

i 3._51

40

0.514
._6

.779

.913
1.o5o
1.188
i._2_
1.$71

1.615

1.77_
1.9_2
2.122
2.318
2._k_

2.k25

3.7o4
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TABLET

PROPELLER 6623-C

Values of CT Values of Cp

V Blade angle at 0.75 R., deg.

15 2o 25 30 35 4o

0.0902 o.1287 o.161o o.172o
.O741 .1125 O.1323 O.I _d_l .157_ .1717
.o560 .i030 .1353 .l_g6 .153_ .1[07
.036o .o855 .1262 .1358 •1487 .1686
.0154 .o65z .Ill3 .1357 .1431 .1649

.O_43 .0923 .1330 .1373 .1587

.0224 .0722 ,1202 .1339 .152,2

.ooo9 .0506 .IO38 .133g .I_60
.o289 .O_50 .1279 .1401
•0069 .0647 .1130 .1366

.o_31 .0932 .1369

.o207 .o727 •1312
.o515 .1125
.o3o2 .o93o
.OLOO .0733

.o5_7

.0340

.o123

15

0.O418
.0379
.032o
.o23_
.o12_

Bl_de angle at 0.75 R., deg.

20 25 30 35

0.2390
O.1139 0.1662 .22_I
.I025 .1625 .217o
.0978 .1572 .2085
.o932 .1_96 .1992
.o8_4 .1379 .1892
.o711 .1271 .l_2O
•o537 .1164 .176o
.o3_o .lO18 .1671
.o127 .o83o .1535

.0605 .1337

.o3_o .11o8
.0g46
.0558
•0264

0.0691
.0692
.0655
.0600

.o5o3

.0373

.0219

.0047

go

0.3005
.2979
._qz;6
.29o_
•2852
.2783
.2684
.2_96
._35_
.228o
.2_27
.2102
.1887
.16_-o
.1376
.1098
•0790
.O4_O

V
n-U

0.2

9,

.7

.9
1•0
1.1
1.2

1.5
1.6
1.7

1.9

Values of

Blade angle at 0.75 R., deg.

. 20 25
15

0•432 0.373
• 5_7 •517
• 700 .629

.?12. .78_

._31

.818

.172

0.362
._2_
._6
.716
.765
.812

._51

.600

Values of Cs

Bl_de nngl_ _t 0.75 R., de_.

3o 35 im '15 20 25 30 55

O.I_O 0.115
0.260 .211 .173

.!!
•

.756 :

.803 .526
•835 .595
•_57 .8_0 .659
.855 -837 .738
.791 ._153 .Sll

• _53 .g35
.812 .850
.6o7 .852

.832

.775

.531

0._680.378 o.341

•576 "_13 0"_3 0"4305 i_•796 ._90 .631 .57
1.o64 .879 .796 .724

1.o911.352 s.I_9
1.'_17 L358 1.2os _.I_5
2.632 1,615 1.385 I.R75

1.965 1.58o l.w3o
2,,637 1.812 1.601

2.lO5 1.793
2.555 _.OlS

g. 9

o.254
.3_P
._11
._o
.771
.90_

1.040
l.lg7
1.335
1._78
1.620
1.776
.956

2.152
2.x77
2.g_
2.992
3.550
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TABLE ¥I

PROPELLER 6623-D

V

F_

0.2

.7

.9
I.O
i•I
1.2

1.7

1.9
2•0
2.1

2.2

Valuee of C T

15

Blade sngle _t 0.75 R., deg•

o.1673

o•1173 •15_8
• lOll .1475
.o829 .1326

.1148•o631
.o_21 .o956

•o171 .0748
.0528
.o295
.0022

I
2o 25 I 30

o.1_73 o.1799
.1831 .18_

• 1759
.1673
.1546 .183o

1 1138 .185.1210
•1oos .15o5

.0798 •1339

.o59o •1156
•0382 .o957

.o153 .o7_2
.o541
.0323
.0099

35

0.1886
•186o

.1841

•1838

•1875
.1918

.188_

.181o

.I127

.1610

.1_58
•1272
.lO72
.0867
.0666
.0461
.023
.o0_3

o.1957
•193o
.19o
•188_

.1872
• 1859
• 1862

.1920
• _9_5
.k868
• 1828

,1755

:1o1_
.0817
.0620
•O421

.0222

.0022

Valuee of Cp

15

0.0673
.o638
• 80
._93
.o371
.O2_2

Blade _ngle _t 0.75 R., deg.

2o 25 30 35

0.1o34 o•126o o.17o_ o.251o

• 1o37 .13.00 .1 oo .2_5.lO_9 •1343 •1_9_ .23_
• 1o93 .1377 •17o3 .2267

.o9,,a .1381 .1738 .218o
• 0857 .1342 .1772 .2149
.0730 .126o .1792 •2165
• o573 .I124 .1767 .2213
.o387 .o959 .1665 .2240

.o187 .0773 .1538 .2221
.o562 .137o ._1_

•o325 .116_ .2oo2
•o912 .1799
•0633 .1557
.o35_ .1283

.lOOO

.o714

.0419

4o

o,3o_o

.3015

.2982
,29_I

.2895
•28_I

.2797

.27Z3
,2767
°2780
,_825

°2863

•25B3
•_350
.2089

.1_o3

.1498

o1175

v
n_

0.2

.5

.6

•7

.9
i.o
1.1
1.2
I.1._

1.7
1.8

1.9
2.0
2.1

2.;?_

Value_ of

15

Bl_de mngle at O•75 R., deg.

.715

.768 •726

.794 .781
•565 •81S

•829
•763
.129

0.297
.422

.527

.6o7

.672

.72_

.768

.807
•82

._16
•612

20 25 30

o.2F[

._5o

.632

.691

.734

.766

.804

.827

.88

•831

35

0.150
.227

:N
•516
• 625
.696
• 738
.771

.826

.83 kl

.836

.811

. _4

._38

.195

I 4O

o.129
.192
._56

.321

.533

.623

.777

.797

._05

.822
.824

.816

•786
.717

.552
•094

Values of C s

o.515 o.472
•B93 .63o

.885 .792
1.095 .962

1.1461.}52
1.685 1.351

1.596

_5 20 25

O._O2

.451
•5 S
•7_3

I. o_6

1.21o

1.393
1. 600
1.836

2.135
2.5_0

Bl_de _ngle at 0.75 R., deg.

30 35

O.285 O.26_

.427 ._q7.571 3 :_

.712 : q

.851 .81

.990 .952
1.128 i,O8_
1.272 1.216
1.430 1.348
1.599 i._87
1.7s6 1.632

2.ooo 1.794
2.262 I. 972
_.6o_ _.177

3._125 2._13
2. 694

3.o51
3.5_5

4o

o._54

.381

.901

1.O32
1.163
1.29_
i._21
1.5_5
1.669

1.809
1.966

2.136
2.325

2.533
2.780

3.970
3.44.8
3.97_








